INTRODUCTION
Demand for forest and agricultural products is increasing due to global economic growth and population expansion.
To satisfy the demand, intensification of land use is proceeding throughout the world. In the tropics, the intensification often includes the transformation of natural forests to expanded plantation forests, and a change from extensive slash-and-burn farming to intensive sedentary agriculture. Such changes in land use may be unfavorable to sustainable development, one of the most important concepts in the world today. Can sustainability be secured under intensive land use? To answer this question, it is necessary to monitor land-use changes and the effects on sustainability.
I was engaged in a forestry project by the Ghanaian government and the Japan International Cooperation Agency (JICA), and obtained information on land-use intensification processes in southwestern Ghana, which involved changes in the cocoa (Theobroma cacao L.) farming system and the introduction of tree plantations on farmlands. This study describes these land-use changes and discusses the ef fects on sustainability.
The sustainability of land use is evaluated in terms of yield of forest products, farming systems, biodiversity, and livelihoods of farmers who depend on the land. A s f a r a s l a n d m a n a g e m e n t i s c o n c e r n e d , encroachment into the forest reserves in the High-Forest
Zone was not a serious offense until recently. It is thought that the authority of the traditional chiefs prevented major encroachment. While problems have recently arisen, especially in the Transitional Zone, the boundary of most forest reserves can still be seen on satellite images ( Fig. ).
CHANGE IN THE COCOA FARMING SYSTEM Cocoa agroforestr y and the forest-like landscape
The main crops in the High-Forest Zone include plantain, yam, cocoyam, cassava, maize, cocoa, oil palm, and citrus.
The major traditional farming system is extensive slash- 
Changes in the farming system
Cocoa can be far med under full-sun conditions.
Comparisons of farming systems between full-sun and shaded conditions have been conducted in several tropical countries for over a centur y. These studies concluded that if enough fertilizer is applied and pests and diseases are controlled, higher yields can be expected in full sun. However, they also found that full sun tends to shorten the economic life of cocoa trees, mainly due to degradation of soil fertility (Amoah, ;
Ruf and Zadi, ; Rice and Greenberg, ; Belsky and Siebert, ). These conclusions led farmers in Ghana to cultivate cocoa with shade trees, but they recently started reverting to a full-sun system because of changes in the forestry and agricultural environments.
Decrease in natural trees
Cocoa farms have expanded by converting natural forest in the of f-reser ve areas. However, forest with fer tile soil that is suitable for cocoa farms has almost run out.
In addition, a serious drought in , which heavily Therefore, the loss of natural high trees on farmlands means the end of the cocoa farming system with shade trees, except in cases where natural regeneration is expected.
Tree tenure
Management of natural timber trees is under the authority of the government, even in the of f-reser ve area. While the government and its concessionaires must obtain approval from the traditional chiefs, who are the owners, prior to harvesting the trees, farmers, as tenants, are usually not consulted. Under this tree tenure system, it is difficult for the farmers to manage the shade trees as a par t of an agroforestr y system. Even worse, the cocoa farms usually suffer damage from the harvesting of shade trees. Although compensation to the farmers is a duty of the concessionaires, in reality, it is not enough or is withheld in many cases (Richards and Asare, ;
Amanor, ). Therefore, to avoid the sudden loss of the shade trees and damage to the cocoa farms, the farmers tend to cut the saplings of natural trees and kill the adult trees by girdling (field observations; interviews with farmers in Bechem District, ). This tendency is stronger for high-value timber species, since they are more likely to be harvested (Richards and Asare, ).
Increased logging
Pressure to harvest timber from cocoa farms has been which is more than allowed in the AAC. In reality, har vesting through illegal activities must be added to the estimate to obtain the actual quantity. The capacity of legally approved timber-processing facilities is estimated to be . million m , and is still increasing (Agyarko, ) . In recognition of the demand that exists within the timber industr y, the government has considered increasing the AAC. However, increasing the AAC in the on-reserve area would lead to abandoning its sustainable forest management policy. Therefore, the of f-reser ve area has been automatically targeted. Additional pressure on the AAC in the off-reserve area was rampant illegal logging. It was the opinion of policy makers that trees in the off-reserve area should be harvested before they were taken illegally (inter view with an of ficer of the Ministry of Lands and Forestry, ), and in , the government increased the AAC on the off-reserve area from . to . million m , giving a total AAC of up to . million m . This AAC is supposed to be supplemented by a national tree plantation program (described later) but poses a significant threat and may lead to degradation of the forest-like landscape on cocoa farms.
Introduction and expansion of improved cocoa varieties
Improved varieties of cocoa have been introduced to Ghana since the s, and several varieties were brought in to find those best exhibiting early maturity, high yield, Moreover, access to agricultural materials has become easier.
The price of cocoa beans has also supported this trend. After a rise to US$ , −US$ , per ton in the late s and early s, the international cocoa price declined, and has since been between US$ and US$ , per ton ( Fig. ) . The producer cocoa price in Ghana is controlled by the government, which sets it against the international price each year. In the mid− s, the price was about % or even lower than the international price, gradually increasing in the s (Seini, ) and reaching % in However, the local environment and earlier-yielding varieties suppor t expansion of the full-sun farming system.
Concer ns about sustainability with the full-sun farming system
Cocoa production in Ghana peaked in and fell in , and has gradually recovered. In , Ghana achieved the highest production record in its history ( Fig.   ) . Increases in the high-input, full-sun farming system under good economic conditions have been an important factor in the recent increase in production. However, the international economy constantly fluctuates, and so does government policy. The good economic environment for the cocoa farms will not continue forever. Once economic conditions worsen, it is unlikely that the highinput, full-sun farms can be sustained. The full-sun farms are ecologically vulnerable, since both the crop and the soil are exposed directly to strong sunlight (Rice and Greenberg, ; Belsky and Siebert, ). If it becomes too dif ficult for farmers to continue applying high material inputs to their farms, they may fail to maintain soil fer tility or control pests and diseases, which will result in the end of these farms.
INTRODUCTION OF TREE PLANTATIONS G o v e r n m e n t i n i t i a t i v e f o r t r e e p l a n t a t i o n development
Until recently, Ghana had rich natural timber resources, and thus plantation forestry did not prosper. In the s, 
Small-scale tree plantation by farmers
Although shade trees were necessary in the traditional cocoa farming system, farmers tended to view trees as obstacles that hindered other agricultural development.
Tree planting was even taboo in their culture (interviews with farmers in Sunyani District, ). However, as thinned logs from government plantations were traded as poles for electricity supply, the farmers realized that Previously, all timber trees, including planted trees, were under government management; however, the law (Act ) made private tree plantations exempt from government management. Hence, today, the trees planted by farmers can be managed by the farmers.
While this law assumes that private investors are the main promoters of tree plantations in the off-reserve area, it has also created great opportunities for small-scale plantations on farms.
Concerns about tree plantations
To increase the supply of timber, the promotion of tree plantations is inevitable. However, the national plantation program was planned to promote industrialscale plantations. As a result, it tends to promote largescale monoculture without consideration for biodiversity.
Another concern, especially in the off-reser ve area, is However, the future of farmland use in relation to the tree plantations was not understood by the interviewees.
ACHIEVING SUSTAINABILITY UNDER INTENSIVE LAND USE
This study has highlighted several concerns in relation to sustainability, timber supply, far ming systems and livelihoods. The findings show that land-use intensification processes for short-term benefit tend to proceed without adequate attention to their sustainability, probably because the positive effects of sustainability, such as the longevity of cocoa trees and the maintenance of soil fertility, are not evident in the short term. It is not easy for farmers to be aware of the impor tance of sustainability without help from the government, researchers, and international organizations who should offer services to support them in this regard.
As noted above, the forest policy in aimed to separate forestr y from agriculture. Until now, land management of the forest reser ves in this context has been successful ( Fig. ) . However, it is now recognized that the % of the total land area allocated to forest reser ves is insufficient to supply the timber and other services now expected from them. While intensification of farming is necessary, integrating trees into the farming system is recommended to achieve sustainability. Land- Implications of sun-grown cacao on local food s e c u r i t y a n d e n v i r o n m e n t a l s u s t a i n a b i l i t y. 
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